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ABSTRACT
We analyze the outcome of the interaction between a stellar binary and a supermassive black hole
binary (SMBHB) by performing a large number of gravitational scattering experiments. Most of the
encounters result in either the ejection of an intact binary or the ejection of two individual stars
following the tidal breakup of the binary. However, tidal disruption events (TDEs) and mergers
constitute a few percent of the outcomes, and double, temporally distinct TDEs (i.e., separated by at
least one orbit of the supermassive black hole binary) occur at the percent level. We also demonstrate
that the properties of the ejected binaries are significantly altered through the interaction with the
SMBHB, and their large eccentricities increase the merger rate and could lead to gravitational-wave
inspirals far from the nucleus of the host galaxy. We discuss our results in the context of observed
tidal disruption events, hypervelocity stars, and remote supernovae, such as calcium-rich transients.
Keywords: binaries: general — black hole physics — galaxies: nuclei
1. INTRODUCTION
Discerning the presence of a supermassive black hole
binary (SMBHB; Begelman et al. 1980) in the center
of a galaxy is challenging (e.g., Comerford et al. 2015;
Liu et al. 2016), and this is especially true when neither
hole is active and the separation is small. One possible
tool for probing such quiescent, near-merger SMBHBs
is the tidal disruption of stars (Rees 1988), as the ac-
cretion of the disrupted material onto the disrupting
SMBH can be modulated on timescales comparable to
the binary orbital period (Liu et al. 2009; Ricarte et al.
2016; Coughlin et al. 2017). Furthermore, depending
on the mechanism responsible for injecting stars into
the loss cone (Frank & Rees 1976; Lightman & Shapiro
1977; Magorrian & Tremaine 1999; Stone & Metzger
2016) and the stage of the binary inspiral, the rate of
disruption can be greatly enhanced (Chen et al. 2009;
Wegg & Nate Bode 2011). Thus, especially with cur-
rent wide-field surveys (and the upcoming era of LSST;
Ivezic et al. 2008), our inevitable detection of multiple
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tidal disruption events (TDEs) in the same galaxy could
be highly indicative of a SMBHB at its center.
The studies of the dynamical effects of a SMBHB on
a stellar population, which ultimately lead to TDEs or
stellar ejections, have largely focused on the outcome of
single stars encountering the binary (e.g., Quinlan 1996;
Yu & Tremaine 2003; Bromley et al. 2006; Sesana et al.
2008; Darbha et al. 2018). However, a large fraction of
stars – especially those toward the massive end – are
known to occur in binaries (e.g., Eggleton & Tokovinin
2008; Yuan et al. 2015). Owing to its internal de-
grees of freedom, a stellar binary interacting with a
SMBHB can yield many more outcomes, including not
just the ejection of a hypervelocity binary (Lu et al.
2007; Sesana et al. 2009; Guillochon & Loeb 2015) or
the disruption of one star (Wang et al. 2018), but the
ejection of one star at the expense of capturing the other
(the Hills mechanism; Hills 1988), the merger of the stel-
lar binary owing to repeated perturbations to its orbit
(Bradnick et al. 2017; Liu et al. 2017), and the tidal dis-
ruption of both stars at temporally distinct times.
By performing a large number of numerical, gravita-
tional scattering experiments between a stellar binary
and a SMBHB, in this letter we attempt to gain an un-
derstanding of the relative likelihood of these outcomes.
In Section 2 we describe the setup of the problem and
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the parameters chosen for our study. Section 3 presents
the results, and we demonstrate that two, temporally-
separated TDEs can occur, albeit infrequently (. 1% of
the time), from these interactions; we also discuss the
properties of the ejected stellar binaries, and we give the
probabilities of the various outcomes (e.g., stellar merg-
ers, captures) as a function of stellar separation. Our
conclusions are given in Section 4.
2. PROBLEM SETUP
A stellar binary, with individual masses m1 and m2,
total mass m = m1 + m2 and semimajor axis a∗ (we
assume here that the stellar binary and SMBHB are
circular for simplicity), incident on a SMBHB, with in-
dividual masses M1 and M2, total mass M =M1 +M2
and separation a•, can be described by its initial cen-
ter of mass (COM) position, its COM orbit, and the
orientation of the stellar semimajor axis with respect
to the COM orbit. Here we will assume that the stel-
lar binary is approaching the SMBHB from a large dis-
tance, and hence we will let the COM orbit be parabolic.
We will also presuppose that the COM is in the “pin-
hole” regime, meaning that the square of its specific an-
gular momentum, ℓ2, is uniformly distributed1; to en-
sure that the stellar binary interacts strongly with the
SMBHB, we will let this range be 0 ≤ ℓ2 ≤ 4GMa•, cor-
responding to a stellar COM pericenter between 0 and
2a•. If there are a large number of “massive perturbers”
in the galaxy (e.g., giant molecular clouds, stellar clus-
ters, the presence of which may be enhanced following
a gas-rich merger), one can further enhance the influx
of stellar binaries from the pinhole regime (Perets et al.
2007; Perets & Alexander 2008). Furthermore, for tight
SMBHBs that are within the gravitational-wave inspiral
regime, which is the scenario upon which we focus here,
one expects only a handful of bound stars to be capable
of diffusing into the empty loss cone within the inspi-
ral time of the binary (Coughlin et al. 2017; we caution,
however, that the merger that gave rise to the binary
may also have generated a steeper cusp of stars, which
could greatly enhance the rate of disruption from the
empty loss cone; Stone & van Velzen 2016). We there-
fore neglect the contribution of bound stars to the dis-
ruption rate. We further let the initial COM position
be uniformly distributed over a sphere at a large dis-
tance from the binary (≫ a•), and the orientation of
1 This is a reasonable assumption if each stellar binary under-
goes a number of “collisions” over its lifetime that randomize its
COM properties and cause it to enter the loss cone from a large
distance (& the SMBHB sphere of influence).
the binary be uniform over a sphere of radius a∗ from
the position of the COM.
The stellar binary is, in all circumstances considered
here, much less massive than the SMBHB, and hence
we will let the motion of the SMBHB be fixed. In this
case, the four, additional variables that enter the equa-
tions are M1/M , m1/M , m2/M , and a∗/a•. While the
masses themselves play a role in the outcome of the en-
counters, we suspect that the quantity that has most
influence on the survivability of the stellar binary is the
ratio a∗/a•, as the binary tidal disruption radius scales
linearly with the separation (and only as the mass ra-
tio to the one-third power). Therefore, in our study
we will let the masses be fixed at M1/M = 0.5 (equal-
mass SMBH binary), m1/M = m2/M = 0.5 × 10
−6 –
corresponding to Solar-like stars for 106M⊙ SMBHs –
and investigate the consequences of letting a∗/a• vary
between 0.1 and 0.0005.
We simulated ∼ 105 encounters for each choice of
a∗/a• using an 8th-order, explicit Runge-Kutta scheme
for ∼ 1600 binary orbits, with ejections occurring when-
ever a star exited a sphere of radius 50a•. Even though
they don’t enter into the equations, the tidal radius rt
must be specified in order to “count” disruptions. We
chose rt/a• = 10
−2, which corresponds to a• ≃ 1 mpc
for Solar-like stars and 106M⊙ SMBHs. Stellar collisions
were counted when stars came within some minimum
separation rmin, for which we chose rmin = 5 × 10
−5a•,
which corresponds to ∼ 0.5R⊙ for Solar-like progeni-
tors. The integration was stopped if a collision occurred,
while a disruption resulted in the disrupted star being
removed from the simulation. We therefore do not take
into account the gravitational field of the disrupted de-
bris on the evolution of the intact star. Finally, if nei-
ther star was ejected or disrupted after ∼ 1600 SMBHB
orbits, the outcome was deemed “inconclusive,” which
comprised . 0.1% of the outcomes.
3. RESULTS
Table 1 gives the percentage of the various outcomes
of the scattering experiments. The last row gives the
average probability of each outcome integrated over the
lifetime of the SMBHB as it shrinks due to gravita-
tional wave emission, assuming M1 = M2 = 10
6M⊙,
a• = 10
4R⊙ initially, and the PDF of the stellar binaries
follows f(a∗) ∝ 1/a∗ in the range 5R⊙ ≤ a∗ ≤ 10
3R⊙
2
(Poveda et al. 2007) (we also included a factor ∝ a• in
2 This upper limit may be somewhat optimistic for velocity dis-
persions appropriate to Milky Way-type galaxies owing to their
reduced survivability (Hills 1988), but we emphasize that this spe-
cific assumption about the distribution of stellar semimajor axes
only enters into the calculation of the integrated rate; all other
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a∗/a•
Outcome
Binary Ejection Double Ejection Hills Capture Single TDE Prompt Double TDE Delayed Double TDE Merger
0.0005 92.8% (73.8%) 4.11% (4.05%) 0.0111% 0.770% 1.36% 0.0952% 0.838%
0.001 87.9% (69.1%) 8.34% (8.24%) 0.00502% 1.07% 1.21% 0.132% 0.889%
0.0025 76.4% (57.8%) 19.14% (19.05%) 0.0171% 1.58% 0.925% 0.153% 1.44%
0.005 60.9% (43.6%) 34.3% (34.2%) 0.195% 1.94% 0.791% 0.173% 1.31%
0.01 35.0% (23.7%) 60.5% (58.7%) 0.794% 2.11% 0.661% 0.186% 0.621%
0.05 3.09% (1.61%) 92.6% (80.8%) 0.959% 2.57% 0.490% 0.166% 0.0240%
0.1 0.936% (0.451%) 94.6% (82.2%) 0.973% 2.88% 0.334% 0.179% 0.0050%
Integrated 45.1% (37.7%) 50.6% (49.1%) 0.508% 1.97% 0.661% 0.165% 0.726%
Table 1. The percentage of the possible outcomes (listed in the top row) as a function of the ratio a∗/a•. Each number was
calculated out of ∼ 105 interactions between a stellar binary and the SMBHB. The last row is the time-integrated probability
over the lifetime of the binary, assuming that M1 =M2 = 10
6M⊙, the initial SMBHB separation is a• = 10
4R⊙, and a∗ follows
a ∝ 1/a∗ distribution. The number in parentheses in column 1 is the percentage of ejected binaries with velocity greater than
103 km s−1 at the time of ejection (assuming the same set of SMBHB properties), while the number in parentheses in column
2 is the percentage of double ejections with at least one star that has a velocity greater than 103 km s−1.
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Figure 1. Left: The distribution of time between disruptions, in units of stellar binary orbits, for prompt TDEs that occur
with temporal offsets satisfying ∆T < 1/(2pi) SMBHB orbits; Right: The distribution of time between disruptions, in units of
SMBHB orbits, for delayed TDEs that occur with temporal offsets satisfying ∆T > 1/(2pi) SMBHB orbits.
the rate calculation to account for the SMBHB cross sec-
tion, though this does not affect the results much). We
see that the vast majority of the interactions result in
either the ejection of an intact binary (binary ejection)
or the ejection of both stars following the dissolution of
the binary (double ejection), and the sum of these two
outcomes typically totals & 95% of the total number of
events.
The number in parentheses in column 1 of Table 1
gives the percentage of intact binaries with an escape
velocity in excess of 1000 km s−1, while that in column
2 is the fraction of double ejections with at least one star
numbers in Table 1 only depend on the ratio a∗/a•. If one reduces
the upper limit to 100R⊙, one changes the integrated percentage
of ejections to ∼ 60%, the integrated percentage of double ejec-
tions to ∼ 35%, and all other integrated quantities are roughly
unaltered.
with velocity in excess of 103 km s−1; to calculate these
numbers we let the binary satisfy M1 = M2 = 10
6M⊙
and a• = 10
4R⊙ initially. These statistics are a more
direct measure of the true rate of hypervelocity ejection,
as these binaries or stars would not only escape from the
potential of the SMBHB, but from the galactic potential
as well.
Hills capture – where one star is ejected at the expense
of capturing the other in a bound orbit about one of the
SMBHs – accounts for at most ∼ 1% of the outcomes,
and is far less likely when a∗/a• . 0.005. Interestingly,
stellar mergers reach a peak likelihood of ∼ 1% at a
separation of a∗/a• ≃ 0.0025, which is likely due to the
fact that tighter binaries are more difficult to perturb
and wider binaries are more easily ripped apart.
In addition, roughly 1-3% of the scattering experi-
ments result in the tidal disruption of one of the stars,
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and ∼ 0.5 - 1.5% of the encounters yield double TDEs.
Of these double TDEs, a large fraction occur one af-
ter the other, or “promptly,” which we define to be
when the temporal difference between disruptions is
less than 1/(2π) of a binary orbit. As was found
by Mandel & Levin (2015), who analyzed the deep en-
counter of a binary star system and a single SMBH,
these prompt double TDEs occur when the pericenter
of the stellar binary is within the tidal disruption radii
of the stars themselves. Thus, the vast majority of these
double TDEs are nearly contemporaneous.
However, a comparable number of double TDEs occur
at “delayed” times from one another, defined to be when
the temporal offset between successive TDEs is greater
than 1/(2π) of a SMBHB orbit. In these instances,
the stellar binary is tidally destroyed, but both stars
are temporarily captured by the binary and eventually
pass through the tidal radius of one or the other SMBH.
Figure 1 shows the distributions of the temporal offset
between disruptions for the prompt disruptions (left)
and the delayed disruptions (right) when a∗/a• = 0.001
(other values of a∗/a• give very similar distributions).
This figure confirms that there are two distinct classes
of double disruptions: the prompt class that peaks on
timescales of ∼ 0.001 stellar binary orbits, and the de-
layed class that peaks on timescales of a few SMBHB
orbits.
Figure 2 gives the properties of the binaries ejected
from the SMBHB, being their eccentricities (top-left),
pericenters normalized by the initial semimajor axis
(top-right), center of mass velocities with a• = 10
4R⊙
and M1 = M2 = 10
6M⊙ (bottom-left), and gravita-
tional wave inspiral times calculated from Equations 5.6
and 5.7 of Peters (1964) with m1 = m2 = 1M⊙ and
a• = 10
4R⊙ (bottom-right). From the top-left and top-
right panels we see that most binaries are perturbed
from their initial states by the SMBHB, which is par-
tially due to our requirement that the pericenter of the
stellar COM be less than 2a• from the SMBHB COM
(i.e., if we had permitted larger pericenter distances in
our study, then the number of unaffected binaries for
a∗/a• > 0.001 would have been larger). It is also ap-
parent that the distribution of stellar COM velocities
is peaked around 1000 km s−1, which is comparable to
the speed of the binary
√
GM/a ≃ 6000 km s−1, but
the maximum attainable velocity can be more than an
order of magnitude larger than this. Finally, while the
inspiral distribution still peaks at a time comparable
to the inspiral time of the initial binary, there are large
wings induced by the relatively small number of heavily-
modified orbits; for these cases, the inspiral time can be
well within the age of the Universe even if that of the
unperturbed orbit is not. Furthermore, this only takes
into account inspirals assisted by gravitational waves,
which is most relevant for compact objects; for more
extended stars, the tidal dissipation timescale could be
comparable or shorter (e.g., Ogilvie 2014).
Figure 3 gives the time between ejections (left panel;
ejection occurs when a star reaches 50a• from the
SMBHB COM) and the cosine of the polar angle be-
tween ejected stars (right panel) for experiments yielding
double ejections (i.e., when the binary is ripped apart
and both stars are subsequently ejected). This figure
demonstrates that, while there is a wide range of tem-
poral offsets between individual stellar ejections, the an-
gular distribution is still peaked near ∆θejection = 0 (an
isotropic distribution has a flat distribution of cos∆θm).
Also, although we did not plot the ejection angles, the
ejected stars and binaries with the highest velocities
stars are preferentially confined to the orbital plane of
the SMBHB, which is consistent with previous findings
(e.g., Sesana et al. 2006).
The orbit-integrated probability distribution func-
tions for these quantities – obtained by following an
analogous weighting procedure that yielded the inte-
grated probabilities in Table 1 – appear similar to those
corresponding to a∗/a• = 0.01. However, there are small
contributions from stellar binaries with a∗/a• < 0.01
that widen the distributions.
To reduce the parameter space, here we primarily
focused on circular binaries (both for the stars and
SMBHs) with equal mass ratios. We did, however, assess
the importance of the initial eccentricity of the stellar
binary, e∗, by running 10
5 encounters between a stel-
lar binary with e∗ = 2/3, a∗/a• = 0.01, and other-
wise the same set of fiducial parameters. We found that
the majority of the statistics were only slightly modified
from those in Table 1 for a∗/a• = 0.01, with the one
significant difference being the percentage of mergers,
which increased from ∼ 0.62% to ∼ 4.5%. Because our
merger rate for circular binaries peaks at a separation
of a∗/a• ∼ 0.001, a modest increase to ∼ 1% might be
expected from the smaller stellar pericenter separation,
being a∗(1 − e∗)/a• ≃ 0.003. The additional increase
by a factor of ∼ 4, however, suggests that mergers are
primarily driven by extreme, eccentric-Kozai-like oscilla-
tions, which increase the eccentricity to the point where
the stars merge; this finding is also consistent with that
of Mandel & Levin (2015), who found that stellar bi-
naries approaching isolated SMBHs merged under this
mechanism.
We also investigated the influence of the stellar mass
ratio by simulating 105 encounters between a circular,
stellar binary with the mass of the secondary reduced
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by a factor of 5 compared to the fiducial value, a stel-
lar separation of a∗/a• = 0.01, and otherwise the same
fiducial parameters. As was true for the eccentricity,
the majority of the statistics are very similar to those
in Table 1 with a∗/a• = 0.01, with the most signifi-
cant differences being a reduction in the binary escape
fraction to ∼ 9.3% and an increase in the double es-
cape fraction to ∼ 86%. These differences are likely due
to the fact that the total energy of the stellar binary,
E∗ = Gm1m2/(2a∗), scales in proportion to the mass
ratio, and hence the binary is more easily ripped apart
in this case.
4. DISCUSSION AND CONCLUSIONS
Owing to the chaotic, gravitational interactions be-
tween the stars in a stellar binary and the black holes in a
SMBHB, we have shown that scattering events between
the two can generate a variety of dynamical outcomes.
In particular, while ejections of an intact stellar binary
and individual stellar ejections following the tidal sepa-
ration of the binary dominate the statistics, more exotic
end states – including stellar mergers, single and double
tidal disruptions – can occur, albeit with reduced likeli-
hoods. Table 1 summarizes the relative probabilities of
these occurrences as a function of a∗/a•, the ratio of the
stellar binary semimajor axis to that of the SMBHB.
In addition to double TDEs that occur when the stel-
lar COM pericenter comes within the tidal disruption
radius of the individual stars, which result in “prompt,”
or nearly-contemporaneous disruptions by one SMBH
(Mandel & Levin 2015), we also found that a compa-
rable fraction of double TDEs occur after the stellar
binary is dissociated and with large temporal offsets
(& 1/(2π) SMBHB orbits). From Table 1, we see that
the fraction of delayed, double TDEs is approximately
independent of the ratio a∗/a•, which likely results from
a competition between tidal stripping (easier for wider
binaries) and capture (harder for wider binaries). Fig-
ure 1 shows the distribution of the time between disrup-
tions, indicating that the delay can be between a frac-
tion and hundreds of SMBHB orbits. Two such delayed
TDEs resulting from the disruption of a binary could ex-
plain the extremely luminous, double-peaked transient
ASASSN-15lh (Dong et al. 2016; Brown et al. 2016;
Godoy-Rivera et al. 2017); while a TDE interpretation
has already been investigated for this event, both in
the single-star-SMBH (Leloudas et al. 2016) and single-
star-SMBHB (Coughlin & Armitage 2018) scenarios (an
extremely energetic and exotic supernova could have
also powered the emission; Chatzopoulos et al. 2016),
two, temporally-offset TDEs following the separation
of a stellar binary naturally explains the rebrightening
(the lack of hydrogen and helium emission lines is an
additional, puzzling aspect of this event, but may tenta-
tively be explained by optical depth effects; Roth et al.
2016).
Ejected, intact binaries constitute the vast majority of
the outcomes for a∗/a• . 0.01. Investigating Figure 2,
a fraction (∼ few × 0.1 – 1%) of ejected binaries merge
in significantly less time than the original gravitational-
wave inspiral time of the binary and within the age of
the Universe. Also, given the relatively large velocities
imparted to the binaries, their nuclear separation from
the host galaxy at the time of merger is substantial;
the left-hand panel of Figure 4 shows the distribution
of distances from the nucleus, calculated by taking the
product of the ejected velocity and the inspiral time, for
a∗/a• = 0.001, a• = 10
4R⊙, and M• = 10
6M⊙ if we
demand that the gravitational-wave merger time be less
than 10 Gyr. The vertical, dashed lines at 104 (103)
shows the maximum achievable distance if we restrict
the inspiral time to less than 1 (.1) Gyr.
It has recently been suggested (Foley 2015) that
Calcium-rich transients (Filippenko et al. 2003; Perets et al.
2010; Kasliwal et al. 2012; Lyman et al. 2014) could be
the product of gravitational-wave inspirals of white
dwarf (WD)-white dwarf binaries, their large galac-
tic offsets caused by the ejection of the stellar binary
following its interaction with a SMBHB. Our inferred
distances at the time of inspiral, while likely overesti-
mates of the true distances owing to our small SMBHB
separation (the ejected velocity scales as ∝ a
−1/2
• , so
the same range of a∗ and larger a• would significantly
reduce the distances) and our neglect of the galactic
potential and tidal dissipation within the stellar binary
itself, confirm that this aspect of Ca-rich supernovae
can be reproduced with this mechanism.
The theoretical rate at which these inspirals take place
is uncertain from our analysis alone, as we only explored
a restricted range of parameter space and we are not
accounting for a number of priors. However, if the bi-
nary is already composed of WDs when it reaches the
SMBHB, then the rate of inspirals is ∼ 10−4 × a•/at ×
FSMBHB ×Fmerger×FWDWD ∼ 10
−4− 10−5 gal−1 yr−1,
where FSMBHB ≤ 1 is the fraction of SMBHs in bina-
ries, Fmerger ∼ 10
−1−10−2 is the fraction of ejected sys-
tems that merge in a Hubble time and FWDWD . 10
−1
(Brown et al. 2011) is the fraction of WD-WD binaries
encountering the SMBHB.3 If the binary is still in the
main sequence phase at the time of ejection, then the
total number of ejected binaries is likely higher, but
3 Since one of the WDs must be Helium-rich, however, this
number is likely reduced by at least another order of magnitude.
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Figure 4. Left: The distribution of the distance, in kpc, of the ejected stellar binaries at the time of gravitational-wave
coalescence when a∗/a• = 0.001 and a• = 10
4R⊙; here we only counted the binaries with an inspiral time less than 10 Gyr,
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distances considerably). The vertical, dashed lines give, from left to right, the maximum distance attained by the distribution if
we restrict the possible inspiral times to 100 Myr and 1Gyr. Right: The eccentricities (at the time of ejection) of binaries that
undergo mergers in less than 10 Gyr.
those that survive intact through the common envelope
phase is uncertain. Regardless, our findings indicate
that the rate of mergers from such systems is probably
only 10−1 − 10−3 the type-Ia rate of 0.001− 0.01 gal−1
yr−1 (e.g., Scannapieco & Bildsten 2005; Li et al. 2011;
Maoz & Mannucci 2012), which is toward the low end
of the estimated rate of Calcium-rich transients (e.g.,
Perets et al. 2010; Kasliwal et al. 2012; Foley 2015; more
recent work, however, indicates that the rate could be
as high as the type-Ia rate; Frohmaier et al. in prep.).
We note, however, that the theoretical and observational
rates could be brought closer to agreement if wider SMB-
HBs boost the rate geometrically, Calcium-rich tran-
sients repeat (which could occur, e.g., if a phase of mass
transfer ignites a more mild explosion near the pericen-
ter of the orbit), or the rate of injection of stars into the
SMBHB loss cone is intrinsically higher.
Potentially-discrepant rates aside, there are other
aspects of Calcium-rich transients that seem to defy
the explanation that they exclusively originate from
WD-WD binaries kicked from the centers of galaxies.
For example, the event iPTF15eqv displayed a mixture
of properties appropriate to Calcium-rich transients
and core-collapse supernovae (Milisavljevic et al. 2017).
This source also lacked significantly Doppler-shifted
lines, a feature that must necessarily be present in the
spectrum if the large velocity imparted to the binary
from the SMBHB (see Figure 2) explains the nuclear
offset of the source (though there could be line of sight
effects that complicate this trend). Furthermore, Ca-
rich transients seem to trace an older population of
stars, and type-Ia supernovae from such an older popu-
lation can be located in the outskirts of galaxies and are
therefore consistent with the lack of any inferred kick
velocity (Perets 2014). There is therefore evidence –
not only from our lower-than-observed rate calculations
here – that not all Calcium-rich transients arise from
this avenue of WD-WD binary ejection.
The binaries that undergo mergers within a Hub-
ble time have very high eccentricities at the time of
ejection – especially those with larger initial separa-
tions – as shown in the right-hand panel of Figure
4. In these highly eccentric orbits, resonances between
the orbital timescale and the stellar Eigenmodes could
be strong enough to tidally detonate the stars before
the gravitational-wave inspiral time (e.g., Rathore et al.
2005; Fuller & Lai 2011, 2012; Burkart et al. 2013). Fi-
nally, if the system is initially composed of two main
sequence stars that then evolve through a phase of com-
mon envelope evolution, the passage of the compact ob-
ject through the envelope of the companion on such a
highly-eccentric orbit could produce another avenue of
reducing the separation more rapidly. Although the out-
come and observational appearance of tidally-induced
mergers are unclear, this should be a source of some
variety of transient well-separated from any host.
Finally, the ejection of two stars following the disrup-
tion of the binary (double ejections) has interesting im-
plications for the detection of hypervelocity stars (e.g.,
Brown 2015). From Figure 3, we see that & 60% of
double ejections yield angular separations & 0.99 rad ≃
8◦, corresponding to ∼ few kpc-scale separations be-
tween the stars once they recede to ∼ 100 kpc from
the galaxy. If the two ejected stars formed from the
same protostellar cloud, and hence that the original
stellar binary was preserved from the site of star for-
8 Coughlin et. al
mation, two such hypervelocity stars could look very
similar spectroscopically but would have spatial offsets
on the order of kpc. The detection of such spatially-
distinct, spectroscopically-similar, hypervelocity stars
would then be a strong indication of the presence of
a SMBHB in the center of the host galaxy.
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